This paper investigates calling melodies produced by 21 Standard German native speakers on a discourse completion task across two contexts: (i) routine context-calling a child from afar to come in for dinner; (ii) urgent context-calling a child from afar for a chastising. The intent of this investigation is to bring attention to other calling melodies found in German beside the vocative chant and to give an insight to their acoustic profile.
Introduction
Calling melodies are usually understudied in intonational literature, with a clear bias towards the vocative chant [1] . The vocative chant is a "sweet" melody associated with calling children, or intimate in-group members, from afar in routine contexts, such as coming to the table to dinner (see [2, pp. 116-119] for additional contexts). This melody is also known as the calling contour [2] . There are studies, however, that show the vocative chant is not the only calling melody available to speakers (see for Catalan: [3] ; Turkish and Austrian German: [4] ; Polish: [5] , and German: [6] , [7] , [8] , [9] ). The main goal of this paper is to expand the understanding of calling melodies found in German across routine and urgent calling contexts. Unlike previous studies in German dealing with the vocative chant (see previous citations), this one contributes new acoustic measurements not yet applied to this chant. In particular this study reports on two calls not yet reported on for Standard German of Germany: the urgent call and the stern call. See Figure 1 for waveform and spectrogram versions of these three melodies.
Methods
Following [5] a discourse completion task (DCT) was used in which participants called eight names under a routine or urgent context (see section 2.2). Both contexts were bound by the overarching scenario that the speaker imagines being inside the house and has to call a child-cousin who is playing with a ball outside in the garden. Under (i) the routine context, the speaker calls the child in for dinner, while under (ii) the urgent context, the child is called in to be chastised for breaking a window. The DCT used picture-cues. Participants were taught to associate a black-and-white line drawing of a dinner plate and silverware with the routine context, while a line drawing of a broken window prompted the urgent context. Following the example set by [3] , participants called names based on gender: female participants called only female names and male participants called only male names.
Participants
A total of 24 participants completed a full experiment session. Sessions from 3 participants were not used for further analysis due to completing an incorrect version of the experiment (N= 2 females) or due to heavy audio distortion during audio conversion (N= 1 male). We report herein only on the sessions from the other 21 participants.
All 21 participants (gender: N= 13 females, 8 males; mean age: x= 26.143 y.o., sd= 6.134) were German native speakers of Standard German who were living at the time of the experiment in Berlin, Germany. They reported having no hearing or speech impediments.
Stimuli
Two sets of 8 names were selected based on gender ( Table 1 ). The names can be subdivided into 4 (mostly) sonorant names and 4 names with voiceless stops. The latter set of names was included to explore the interaction of intonation and Voice Onset Time not covered in the scope of this paper. Only the 3-and 4-syllable male names have antepenultimate stress, all other male and all female names have penultimate stress. 
Procedure
The recordings were made in the sound-proof booth of the Leibniz-Centre for General Linguistics in Berlin. Participants were seated about 40 cm away from a laptop computer screen which was used to display the experiment designed on MatLab [10] with the PsychToolbox package [11] . A microphone was placed about 20 cm away from a participant's mouth. Participants were given instructions and also briefly practiced what each picture cue meant by calling out the names "Linn/Finn" and "Mina/Maron", respective to participant's gender. The experiment consisted of 64 trial runs (8 names * 4 repetitions * 2 contexts). Each trial run included a fixation cross slide, a picture-cue slide, and a stimuli slide in that order. The stimuli slide was displayed until the participant clicked the space bar to continue-all other slides were displayed automatically for 0.5 seconds. Sessions were recorded on DAT tapes and were then converted into WAV files using Adobe Audition 1.5.
Calling melody contours
A total of 1344 productions were reviewed (64 productions * 21 speakers) using Praat [12] . Productions were categorized into groups mainly based on the F0 pitch shape accompanied by a perceptual analysis. This resulted in three main categories (see Figure1): (a) the vocative chant (based on [6] ): F0 has a high pitch followed by a sustained plateau and reduced rise on the ultima; (b) the urgent call (based on [5] ): F0 starts low, rises to a high point and then falls back to a low pitch, and (c) the stern call (no previous report on this call could be found). Roughly, the stern call has an F0 contour which starts low, then rises high, falls back down low to almost the same level as the first low, and finally rises back up to the same level as the first high.
Dropped from further analysis were: (i) productions with one of the three F0 pitch shapes but which occurred in a context uncommon to the majority; (ii) productions with an F0 shape other than the main three so infrequent that not enough tokens could be gathered; (iii) productions which were corrupted due to digital conversion and noise during recording session; (iv) and productions with shifted H1 alignment (see section 3.1.1. for further discussion). This resulted in 938 productions (female: N= 711, male: N= 227) for further analysis.
Acoustic measurements across melodies

Tonal landmark measures
The measurements used here follow closely those set by [5] : (i) pitch scaling of the tonal landmarks; (ii) proportional alignment of the tonal landmark H1 with respect to the stressed vowel and (iii) of the tonal landmarks L and H2 with respect to the last vowel. Tonal landmarks are points occurring on the F0 pitch contour of an utterance. Table 2 expands on how they are defined in this study. The tones in Table 2 were labeled manually across all productions of the three calls. If a production did not have a specified tone, the missing tone was grouped with a neighboring tone. In the case of the RO in vocative chants, the IT was used a surrogate in one and two-syllable words. For the L and the H2 of the urgent call, if not present, the FN value was used. Finally, for the stern call, the H2, when not present, was collapsed with the FN.
Additional measures
Productions were additionally analyzed across amplitude and duration by looking at the: integral, RMS, and duration of the stressed vowel, stressed syllable, and word. The RMS and duration of the stressed vowel were normalized with respect to the RMS and duration of the corresponding word. The integral is a summation of the duration and RMS amplitude (see [5] and work cited therein for further details).
Statistical analysis
A mixed effects model approach was used to analyze the extracted values. The R Studio environment [13] was used to carry out statistical analysis with additional use of the lme4 and lmer Test packages [14, 15] . [16] . In the selected final model participant was used as a random effect. Importantly, we will focus on statistically significant differences.
Results
Calling melody frequency
In the routine context (female: N= 369 productions; male: N= 197 productions), participants produced exclusively a vocative chant. Meanwhile, the urgent context (female: N= 347 productions; male: N= 182 productions) elicited an urgent call from all male speakers (100% from urgent context productions) and most female speakers (N= 181 productions, 52.2%). The alternative melody for females under the urgent context was the stern call (N= 166 productions, 47.8%).
Tonal landmarks
Proportional alignment a. Male data (unadjusted) b. All data (adjusted male data)
Figure 2: H1 proportional alignment across calling melodies.
As seen from Figure 2a , the male data shows that H1 aligns within and beyond the stressed vowel in both urgent calls and vocative chants (note: a value between 0 (onset) and 1 (offset) indicates that the tone was realized within the stressed vowel). Upon close inspection of the data, the multisyllabic names (152 productions) are the cause of this variability with H1 aligning on vowels other than the stressed one. Those cases are omitted from further analysis as mentioned in section 2.3. With this adjustment made, see Figure 2b , the male data (M) show that H1 aligns near the end of the stressed vowel across the vocative chant (VOC) and urgent call (URG) with no significant difference between the two melodies Similarly, female speaker data (F) show that the proportional alignment of the H1 occurs near the end of the stressed vowel across the vocative, urgent, and stern (STR) melodies without any significant difference between them, see Figure 2b .
The proportional alignment of the H2 and L tonal landmarks, Figure 3 , show differing alignment patterns across the three melodies (note: a value between 0 (onset) and 1 (offset) indicates that the tone was realized within the final vowel). In the urgent call the L tone is produced slightly earlier than the H2 respectively for both genders, but the difference is not significant. The stern call's L is produced almost a quarter of the way after the final vowel onset while the H2 is significantly later towards the end of the last vowel (L-H2= -0.666, t= -12.885, p< 0.001). The L tone of the vocative chant is produced halfway into the last vowel. Meanwhile the H2 is produced at the end of the last vowel for females and slightly after the last vowel in male productions (M-F= 0.299, t= 4.265, p< 0.001). Figure 4 shows a visual summary of the pitch scaling for the three identified calls across gender while significant values are reported in Table 3 .
Tonal scaling
Figure 4: Scaling of tonal landmarks
Across both genders, the H2 of the vocative chant is significantly higher than its two surrounding tonal neighbors. While the FN is slightly higher than the L in female productions, this is not the case for males, where the FN is lower than the L. The scaling of the urgent call shows that L, H2, and FN are not significantly different from one another. Additionally, the IT is significantly higher than the FN across both genders. In the case of the stern call, the FN has a slightly lower pitch than the H2. The H1 is significantly lower than the H2. In this melody the L is slightly lower than the IT, but the difference is not significant. 
Discussion
This paper reports three different Standard German calling melodies (vocative chant, urgent and stern call) excerpted in two contexts (routine and urgent). To the best of our knowledge, the urgent and stern calls have not been reported before.
Although our data shows that the stern call is limited to female speakers, further studies with differing contextual cues might tease out instances in male German registers. The F0 contour of the stern call hits the identified tonal landmarks at the upper and lower extremes of the speaker's pitch range. Duration measures indicate the stern call lasts longer than the urgent call, but shorter than the vocative. With regard to the amplitude, the stern call as a whole seems to have the same range as an urgent call. However, the amplitude values of the stressed syllable and vowel for the stern call show that the amplitude ranges between the urgent and vocative melodies.
The urgent melody is brief and has very few salient tonal landmarks so that other than the start and end, only a peak is essential.
Taking into account our results as well as the German ToBI system (GToBI; see e.g. [17] ) we analyze the vocative chant melody as L+H* !H-% (see [6] for the same representation) and propose L+H* L-H% for the representation of the stern melody and L+H* L-% for the representation of the urgent melody. Further perceptual experiments should (dis)confirm our proposals.
From a cross-linguistic perspective, German vocative chant does not differ in its meaning from chants in most other languages investigated thus far, see e.g. [5] for an overview. However, it does differ, for instance, from Catalan [3] where such melodies are perceived as insisting calls. The phonology of German urgent call shares many similarities to that of Polish and other languages [see 5: Table 2 ].
Conclusions
This paper expands on the acoustic structure of under-reported German intonational contours: the urgent and the stern call. Additionally it has reported values that can contribute to the extant literature on German vocative chants ( [4, [6] [7] [8] [9] 17] ). It also provides results of other measurements (duration, amplitude) which contribute to stating differences between the calls. Future studies should disclose whether the stern call is indeed limited to female speakers and reveal fine-grained differences between the melodies with respect to factors such as age, social status, situative context and others.
